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Smoking, obesity, alcohol, and physical activity can modulate the endocrine system, and therefore have been 
hypothesized to play a role in the etiology of prostate cancer. At baseline in 1982, 80 percent (n = 3,673) of the 
noninstitutionalized persons age 65+ in two rural Iowa (United States) counties were enrolled into the Iowa 65+ 
Rural Health Study. Follow-up for mortality was complete through 1993, and cancer experience was determined 
by linkage to the State Health Registry of Iowa cancer database for the years 1973-93. We analyzed data on 1,050 
men aged 65 to 101 years (mean age 73 A) with a full interview in 1982 and with no documented cancer in the 10 
years prior to baseline. Through 1993 (8,474 person-years of follow-up), there were 71 incident cases of prostate 
cancer. In a multivariate model, age, cigarette smoking (relative risk [RR] = 2.9 for currently smoking 20 or more 
cigarettes per day compared with never smoking; P trend = 0.009), greater body mass index (BMI) (wt/ht 2 ) (RR = 
1.7 for BMI > 27.8 kg/m 2 compared with < 23.6; P trend = 0.1), and greater level of physical activity (RR = 1.9 for 
high activity level cf inactive; P trend = 0.05) were independent predictors of prostate cancer, and these associations 
were stronger for regional or disseminated disease at diagnosis. Percent change in BMI from age 50 to baseline was 
associated positively with risk (P trend = 0.01), and this association appeared to be stronger in heavier men. There 
were no data on diet. These findings suggest that smoking, overweight, and weight gain in later life are risk factors 
for prostate cancer and support a hormonal etiology; the positive association for physical activity confirms some 
previous reports, but remains without a credible biologic mechanism. Cancer Causes and Control 1997, 8,229-238 
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Introduction 

Prostate cancer is the most commonly diagnosed non- 
cutaneous cancer in men in the United States and it is 
especially common in elderly men, where the peak inci¬ 
dence rate of 1,490 per 100,000 occurs in the 80-84 year 
age group. 1 Current theories of the etiology of this disease 
derive from several striking epidemiologic observations. 
There is approximately a 50-fold difference between 
populations with high incidence (e.g., US and Sweden) 
and low incidence (e.g., China, Singapore) of prostate 
cancer. 2 However, autopsy studies reveal that the preva¬ 
lence of histologic prostate cancer in men over age 50 is 
between 15 and 30 percent, and this prevalence rate 
appears to be consistent across populations. 3 " 1 

These observations suggest that initiating events for 
prostate carcinogenesis may be relatively common across 
different populations, but that there are likely to be large 
differences in exposure to factors which promote growth, 
invasion, or metastasis leading to clinically evident pros¬ 
tate cancer. This hypothesis is consistent with migration 
studies which document an increase in prostate cancer 
risk in persons who move from areas with a low incidence 
to areas with higher incidence. 3 " 1 In addition, prostate 
cancer has not been reported in eunuchs, 5 " 6 and hormonal 
manipulation has been used widely in the palliative treat¬ 
ment of prostate cancer. 7 These and other* observations 
suggest that endogenous hormones are likely to play a 
fundamental role in carcinogenesis in the prostate gland. 
We therefore prospectively evaluated the role of consti¬ 
tutional {ie., height, weight, and body mass) and lifestyle 
(i.e., smoking, alcohol, and physical activity) factors 
known to modulate the endocrine system as prostate 
cancer risk factors in a cohort of rural elderly men. 

Materials and methods 

Study population 

In late 1981 and 1982, 80 percent of the noninstitution- 
alized residents aged 65 years and older who lived in Iowa 
and Washington counties, Iowa (US), were enrolled into 
the Iowa 65+ Rural Health Study (n = 3,673), which was 
one of the four Established Populations for 
Epidemiologic Studies of the Elderly (EPESE) sites. 9,10 
These two counties are primarily rural, with several small 
towns. Of the 1,420 men enrolled into the cohort, only 
the 1,155 men completing the full-form baseline interview 
were eligible for inclusion into this report. The full-form 
baseline interview was conducted in the respondent’s 
home by a trained interviewer, and included data on a 
variety of demographic, health, and social characteristics. 

Data collection 

Demographic and lifestyle characteristics ascertained 
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included age, number of years of education, marital status, 
detailed smoking history, and current alcohol use (beer, 
wine, and liquor). Height at baseline and weight at base¬ 
line, age 50, and age 25 were self-reported, and baseline 
body mass index (BMI) was calculated as baseline weight 
divided by baseline height 3 ; BMI at age 25 and 50 were 
calculated using weights at their respective ages and height 
reported at baseline. 

Level of physical activity was classified as inactive, 
moderately active, and highly active, and was based on a 
scale from a previously published EPESE report.” The 
scale included the following five items: ‘How often do 
you: garden or do yardwork in season?; do housework?; 
take walks?; jog, bike ride, swim or do other vigorous 
exercise?; play horse shoes/golf or play other moderate 
exercise games in season?’ Possible responses to each 
question were ‘do not do,’ ‘everyday,’ ‘several times a 
week,’ ‘once a week,’ ‘several times a month,’ or ‘once a 
month or less.’ Men who reported engaging in vigorous 
or moderate exercise at least weekly were classified as 
highly active; men who walked at least several times per 
week or walked weekly and gardened at least several times 
per week and did housework at least several times per 
week or who walked weekly and did vigorous or moderate 
activity several times per month were classified as mod¬ 
erately active; and men who met none of the above criteria 
were classified as inactive. We did not have information 
on activities not related to recreation or home mainte¬ 
nance, although only seven percent of men were 
employed full-time at baseline examination. The most 
common activity was walking, and the range of this 
activity was thought to be very broad. Therefore, the 
active group was divided into high cf moderate activity 
based on participation in vigorous sport or exercise to 
better discriminate average activity levels.” 

Physical function was assessed by self-report of ability 
to do heavy work around the house, walk up and down 
a flight of stairs, or walk a half mile without help, and 
was based on the Rosow-Breslau Functional Health 
Scale. 13 In a further analysis of physical activity, men with 
one or more physical disabilities were coded into a sepa¬ 
rate category, so that the evaluation of physical activity 
focused on men who were physically capable of engaging 
in physical activity. 

Cohort follow-up 

Cohort members were contacted annually by either tele¬ 
phone interviews (follow-ups at years 1,2,4, 5, and 7) or 
by in-person interviews (follow-ups at years 3,6, and 10) 
to update risk factor information and to update residence 
and vital status. Vital status also was followed passively 
through monitoring of local obituary notices and state 
vital records and was known for all participants through 
31 December 1993. 
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The cancer experience of the cohort, except for non- 
melanoma skin cancer, was ascertained by linking the 
entire cohort to the State Health Registry of Iowa’s cancer 
database, which is part of the National Cancer Institutes 
Surveillance, Epidemiology and End Results (SEER) 
Program. 1 The registry collects data, including identifying 
information, tumor site, morphology, and extent of 
disease, on all persons who are Iowa residents at the time 
of their diagnosis. Topographic and morphologic data 
were coded using the International Classification of 
Diseases for Oncology (ICD-O), Second Edition.' 3 Link¬ 
age was conducted for the years 1973 through 1993, and 
was based on a combination of social security number, 
first and last names, date of birth, city, and zip code. 

Statistical analysis 

Of the 1,155 men who completed a full-form baseline 
interview, we excluded men with any cancer in the registry 
between 1973 and the baseline interview (« = 101),orwho 
additionally self-reported a prostate cancer at any time 
prior to baseline (n = 4) before data analysis. This 
approach is likely to have excluded the vast majority of 
prevalent cancers (diagnosed after 1972) at study incep¬ 
tion, as 90 percent of the men had lived in their baseline 
community 10 years or longer. This approach also 
decreased the reliance on lifetime self-report of cancer, 
which is known to be of questionable validity in this 
cohort. 

Because we could only ascertain cancers occurring in 
Iowa residents, each man was allocated person-years of 
follow-up from the date of his baseline survey to the date 
of prostate cancer diagnosis (ICD-O code C61.9), date 
of emigration from Iowa, or date of death. If none of 
these occurred, follow-up was through 31 December 
1993. Of the at-risk cohort of 1,050 men, 1.4 percent were 
censored because of a move from Iowa and 53 percent 
were censored because of death. The major underlying 
causes of death as reported on the death certificate 
included coronary heart disease (34 percent), cancer (19 
percent), other cardiovascular disease (16 percent), respi¬ 
ratory disease (nine percent), and stroke (six percent). 

Variables of interest were either categorized into natural 
categories or categories based on quartile cut-points of 
the distribution for the entire at-risk cohort. Incidence 
rates were calculated by dividing the number of events 
by the numbers of person-years of follow-up for the 
categories of interest. Relative risks (RR) and 95 percent 
confidence intervals (Cl) were used as the measure of 
association; the Mantel-Haenszel procedure 14 was used 
for age-adjusted results and Poisson regression 15 was used 
for multivariable models. Analyses were conducted using 
SAS (SAS Institute, Cary, North Carolina, USA) and 
EGRET (SERC, Seattle, WA, USA). 


Results 

There were 1,050 men with a mean age of 73.5 years (range 
65-101) who had no cancer in the cancer registry between 
1973 and their baseline interview, and who had no self- 
report of a prior prostate cancer. Through 1993 (8,474 
person-years) there were 71 cases of histologically 
confirmed prostate cancer. The mean age at diagnosis was 
79.2 years (median, 78.8; range, 66-93). Based on the SEER 
staging codes, 1 61 percent of the cases were staged as local, 
24 percent were regional or distant, and 15 percent were 
unstaged. Cases, compared with non-cases, were more 


Table 1. Descriptive characteristics of prostate cancer cases 
and non-cases at baseline interview, Iowa 65+ Rural Health 
Study, 1982-93“ 


Characteristic 

Cases 

(ns 71) 

Non-cases 
(n * 979) 

Mean age (years) 

73.5 

73.5 

Education 

Less than high school 

42% 

46% 

High school 

41% 

38% 

Greater than high school 

14% 

16% 

Marital status 

Currently married 

78% 

82% 

Formerly married 

18% 

14% 

Never married 

4% 

4% 

Mean weight (kg) 

81.3 

78.8 

Mean height (m) 

1.74 

1.76 

Mean SMI (kg/m 2 ) at baseline 

i 26.S 

25.6 

Cigarette smoking status 

Never 

37% 

42% 

Former 

42% 

44% 

Current 

21% 

14% 

Pack-years of smoking 

30.6 

26.3 

Cigar smoking 

Never 

68% 

62% 

Ever 

31% 

37% 

Pipe smoking 

Never 

65% 

62% 

Ever 

34% 

37% 

Level of physical activity 

Inactive 

27% 

36% 

Moderately active 

41% 

39% 

Very active 

32% 

24% 

Physical disabilities 

None 

69% 

66% 

Any 

31% 

32% 

Level of physical activity in 
the physically capable 

Inactive 

17% 

21% 

Moderately active 

28% 

27% 

Very active 

24% 

18% 

Any physical disability 

31% 

32% 


a Percent totals may not sum to 100 due to missing values 
or rounding. 
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Table 2. Age-adjusted relative risks of prostate cancer 
according to anthropometric factors. The Iowa 65+ Rural 
Health Study, 1982-93 


Cases* 

Person 

years 

RR b 

95% Cl 

Height (meters) 

< 1.73 

23 

2,280 

1 

— 

1.73-1.77 

19 

2,446 

0.8 

(0.4-1.4) 

1.78-1.80 

14 

2,301 

0.6 

(0.3-1.2) 

> 1.80 

15 

1,420 

1.1 

P-0.8 

(0.6-2.0) 

Weight (kg) 

<70.8 

15 

2,020 

1 

— 

70.8-77.9 

17 

2,018 

1.2 

(0.6-2.4) 

78.0-86.3 

17 

2,554 

1.0 

(0.5-2.0) 

>86.3 

21 

1,833 

1.6 

P-0.2 

(0.8-3.2) 

BMI (kg/m 2 ) 

<23.6 

16 

2,005 

1 

— 

23.6-25.8 

15 

2,223 

0.9 

(0.4-1.8) 

25.9-27.8 

17 

2,118 

1.1 

(0.6-2.3) 

>27.8 

22 

2,065 

1.5 

P=0.1 

(O.B-3.0) 

BMI (kg/m 2 ) at age 25 

<20.9 

14 

1,881 

1 

— 

20.9-22.4 

15 

2,144 

1.0 

(0.5-2.0) 

22.5-24.4 

15 

1,873 

1.1 

(0.5-2.3) 

> 24.4 

21 

2,029 

1.4 

P-0.3 

(0.7-2.8) 

BMI (kfl/m 2 ) at age 50 

<22.9 

15 

1,947 

1 

— 

22.9-24.4 

18 

2,181 

1.1 

(0.6-2.2) 

24.5-27.1 

16 

2,034 

1.0 

(0.5-2.1) 

>27.1 

20 

2,046 

1.3 

P-0.4 

(0.7-2.6) 

Percent change in BMI 

from age 25 to baseline 




< 5% change 

24 

2,255 

1 

— 

or loss 

5-20% gain 

23 

3,054 

0.7 

(0.4-1.3) 

> 20% gain 

18 

2,614 

0.7 

P= 0.3 

(0.4-1.4) 

Percent change in BMI 

from age 50 to baseline 




> 10% loss 

3 

756 

0.4 

(0.1-1.4) 

5-10% loss 

5 

838 

0.7 

(0.3-1.7) 

Within 5% 

29 

3,471 

1 

— 

5-10% gain 

12 

1,257 

1,2 

(0.6-2.3) 

> 10% gain 

20 

1,881 

1.3 

P-0.04 

(0.7-2.2) 


* May not sum to 71 cases due to missing data. 
b Adjusted for age (< 70, 70-74, 75-79, 80-84, 85+) by the 
method of Mantel and Haenszei. All P-values are for the 
trend test. 
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likely to be heavier, current smokers, and physically ac¬ 
tive, but were similar in terms of baseline age, level of 
education, height, blood pressure, and level of physical 
disability (Table 1). 

Age-adjusted analyses 

Weight and BMI both showed a suggestive positive asso¬ 
ciation with prostate cancer risk, although the RR 
estimates were elevated only for the heaviest men and the 
point estimates were not statistically significant (Table 2). 
The associations for BMI at age 25 or age 50 were even 


Table 3. Age-adjusted relative risks of prostate cancer 
according to smoking and alcohol history, The Iowa 65+ Rural 
Health Study, 1982-93 



Cases* 

Person 

years 

RR b 

95% Cl 

Smoking status 





Never smoked 

26 

3,705 

1 

— 

Former smoker 

30 

3,698 

1.2 

(0.7-2.1) 

Current smoker 

15 

1,046 

2.2 

(1.2-4.4) 



P = 

0.02 


Pack-years of smoking 





Never 

26 

3,705 

1 

— 

<31 pack-years 

14 

1,607 

1.3 

(0.7-2.5) 

31-55 pack-years 

12 

1,445 

1.3 

(0.7-2.7) 

> 55 pack-years 

16 

1,254 

2.0 

(1.1-3.8) 



P = 

0.04 


No. of cigarettes currently 




smoked per day 





Never smoked 

26 

3,705 

1 

— 

Former smoker 

30 

3,698 

1.2 

(0,7-2.1) 

Current, <20/day 

6 

521 

1.8 

(0.7-4.4) 

Current, a20/day 

9 

525 

2.7 

(1.2-6.0) 



P = 

0.007 


Years since quitting smoking 




Never smoked 

26 

3,705 

1 

— 

Quit, i 15 years ago 

17 

1,884 

1.3 

(0.7-2.5) 

Quit, <15 years ago 

13 

1,813 

1.1 

(0.6-2.2) 

Current smoker 

15 

1,046 

2.2 

(1.2-4.4) 



P = 

0.03 


Smoked Cigars 





Never 

48 

6,484 

1 

— 

Ever 

22 

1,937 

1.5 

(0.9-2.6) 

Smoked a pipe 





Never 

46 

5,503 

1 

— 

Ever 

24 

2,910 

1.0 

(0.6-1.6) 

Alcohol consumption 





Never 

22 

2,235 

1 

— 

Former 

6 

1,047 

0.6 

(0.3-1.6) 

Current 

39 

4,060 

1.0 

(0.6-1.8) 


* May not sum to 71 cases due to missing data. 

6 Adjusted lor age (< 70, 70-74. 75-79, 80-84, 85+) by the 
method of Mantel and Haenszei. All P-values are for the 
trend test. 
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weaker than the association for BMI at baseline, and there 
was no association with height. There was no association 
with percent change in BMI from age 25 to baseline 
interview, but there was a positive association be ween 
percent change in BMI from age 50 to baseline (P trend 
= 0.04). Compared with men whose BMI changed less 
than five percent between age 50 and baseline, men with 
a greater than 10 percent loss had an RR of 0.4 {Cl = 
0.1-1.4) while men with a greater than 10 percent gain 
had an RR of 1.3 (Cl = 0.7-2.2). 

Men who were current smokers at baseline had over a 
doubling of risk compared with nonsmokers, while 
former smokers had only a 20 percent elevation in risk 
which was not statistically significant (Table 3). There was 
a dose-response with pack-years of smoking (P trend = 
0.04) and number of cigarettes currently smoked (P trend 
= 0.007), but most of the excess risk appeared to be 
associated with current smoking, as risk for former smokers 
remained only slightly elevated and was not associated 
consistently with time since quitting smoking. Smoking 
a cigar (RR = 1.5), but not a pipe (RR = 1.0) was associated 
with a statistically nonsignificant elevated risk. There was 
no association with current consumption of alcohol (Ta¬ 
ble 3) or individually with beer, wine, or liquor (data not 
shown). 

Level of physical activity was associated positively with 
risk of prostate cancer (Table 4); compared with men who 
were inactive, men who were moderately active (RR = 
1.4) or highly active (RR = 1.6) had elevated risk, although 


Table 4. Age-adjusted relative risks of prostate cancer 
according to physical activity and physical function, The Iowa 
65+ Rural Health Study, 1982-93 


Cases 9 

Person 

years 

RR b 

95% Cl 

Level of physical activity 





Inactive 

19 

2,856 

1 

— 

Moderately active 

29 

3,223 

1.4 

(0.8-2.6) 

Very active 

23 

2,329 

1.6 

(0.9-3.0) 



P= 

0.1 


Presence of physical disabilities 



None 

49 

6,235 

1 

— 

Any 

22 

2,174 

1.2 

(0.7-2.0) 

Level ot physical activity in 




the physically capable 





Inactive 

12 

1,991 

1 

— 

Moderately active 

20 

2,431 

1.4 

(0.7-3.0) 

Very active 

17 

1,877 

1.5 

(0.7-3.3) 




0.2 


Any physical disability 

22 

2,174 

1.6 

(0.8-3.2) 


5 May not sum to 71 cases due to missing data. 
b Adjusted for age (< 70, 70-74, 75-79, 80-84, 85+) by the 
method of Mantel and Haenszel. All P-values are (or the 
trend test. 


the point estimates and the trend test were not statistically 
significant. There was no association with the presence 
of any physical disability. When we evaluated physical 
activity in the physically capable, we found essentially 
the same associations for level of physical activity, and an 
increase in risk for men with any physical disability com¬ 
pared with physically capable inactive men (RR = 1.6). 

Multivariate analyses 

The final multivariate mode! containing age, BMI, smoking, 
and physical activity is presented in Table 5. Increasing 
age ( P = 0.01), BMI (P trend = 0.1), number of cigarettes 
currently smoked (P trend = 0.009), and physical activity 
(P trend = 0.05) all showed positive associations with risk, 
and the multivariate RRs were similar to or slightly 
stronger than the age-adjusted RRs. There were no 
statisticafly significant (P < 0.05) first-order interactions 
among these variables. In separate multivariate analyses 
stratified by level of physical activity, the associations for 
BMI were similar in inactive men (RR =1.9 for the highest 
quartile of BMI compared with the lowest; P trend = 0.2) 
and active men (RR = 1.6 for the highest quartile of BMI 
compared with the lowest; P trend = 0.2). There were no 
important differences in the multivariate RRs presented 
for all prostate cancer in Table 5 after excluding men with 
full-time (n = 71) or part-time (« = 169) employment at 
baseline. 

We next stratified the outcome by local disease at 
diagnosis (n = 42) cf regional or disseminated disease at 
diagnosis (« = 17) in order to address the potential for a 
detection bias. Such a bias would exist if more highly 
active men also were more likely to engage in routine 
screening for prostate cancer (and hence be diagnosed 
with an earlier stage cancer) or if current smokers were 
more likely to be diagnosed with an earlier stage cancer 
due to more frequent contact with the health care system. 
As seen in Table 5, even with sparse data the associations 
were stronger for regional or disseminated disease at 
diagnosis compared with localized disease at diagnosis, 
arguing against a strong role for a detection bias in these 
data. 

We next evaluated whether smoking, BMI, and physical 
activity were risk factors for more aggressive tumors. 
Aggressive tumors are much more likely to be fatal, and 
therefore are of greater public health importance. Also, 
as discussed previously, it has been suggested that 
aggressive tumors are more likely to be associated with 
environmental factors. Following West and colleagues, 16 
we defined aggressive tumors as any tumor with: (i) re¬ 
gional or distant stage at diagnosis; (ii) unknown stage 
with poorly or undifferentiated grade; or (iii) local stage 
with undifferentiated grade. There were only three addi¬ 
tional cases beyond the 17 with regional or disseminated 
stage in Table 5 who met the criteria, and point-estimates 
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Table 5. Multivariate-adjusted relative risks of prostate cancer, The Iowa 65+ Rural Health Study, 1982-93 

Variable All prostate cancer Localized disease Regional/distant disease 


(n n 69) 


(n = 42) 


(n.17) 


Cases RR* 

(Cl) 

Cases RR* 

(Cl) 

Cases RR* 

(Cl) 


Age (per 5 yrs) 

BMI (kg/m 2 ) 

69 

1.3 

(1.1-1.6) 

42 

1.2 

(0.9-1.5) 

17 

1.8 

(1.2-2.6) 

<23.6 

16 

1 

— 

9 

1 

— 

3 

1 

— 

23.6-25.8 

15 

0.9 

(0.5-1.9) 

9 

1.0 

(0.4-2.5) 

4 

1.6 

(0.3-7.4) 

25.9-27.8 

17 

1.2 

(0.6-2.5) 

10 

1.2 

(0.5-3.1) 

5 

2.8 

(0.6-13) 

>27.8 

21 

1.7 

P=0.1 

(0.8-3.3) 

14 

1.9 

P-0.1 

(0.8-4.5) 

5 

3.1 

P= 0.1 

(0.7-14) 

Smoking status 

Never smoked 

25 

1 

— 

17 

1 

— 

5 

1 

— 

Former smoker 

30 

1.3 

(0.8-2.2) 

16 

1.0 

(0.5-2.0) 

7 

1.8 

(0.6-5.8) 

Current, < 20 cigs/day 

6 

2.0 

(0.8-5.0) 

4 

1.9 

(0.6-5.7) 

2 

4.7 

(0.8-26) 

Current. 20+ cigs/day 

8 

2.9 

P = 0.009 

(1.3-6.7) 

5 

2.5 

P-0.09 

(0.9-7.1) 

3 

6.7 

P = 0.004 

(1.9-40) 

Physical activity 

Inactive 

18 

1 

— 

11 

1 

— 

4 

1 

— 

Moderate activity 

28 

1.5 

(0.8-2.8) 

* 17 

1.5 

(0.7-3.2) 

7 

1.9 

(0.5-6.5) 

High activity 

23 

1.9 

P-0.05 

(1.0-3.5) 

14 

1.8 

P-0.1 

(0.8-4.1) 

6 

2.7 

P-0.1 

(0.7-9.9) 


* Multivariate relative risk (RR) from Poisson regression; Cl = 95% confidence Intervals. Ail P-values are for the trend test. 


Table 6. Multivariate-adjusted relative risk of prostate cancer by BMI at age 50 and percent change in BMI from age 50 to 
Baseline, The Iowa 65+ Rural Health Study, 1982-93 


BMI (kg/m 2 ) at age 50 


Percent change in BMi from age 50 to baseline 


BMI at age 50 


> 10% loss 

5-10% loss 

Within 5% 

5-10% gain 

> 10% gain 


£ 24.4 







Relative risk* 

0.5 

0.5 

1 

1.7 

1.2 

1 

95% confidence interval 

(0.06-3.6) 

(0.06-3.5) 

— 

(0.7-4.1) 

(0.5-2.7) 

— 

Number of cases 

1 

1 

13 

8 

10 


>24.4 







Relative risk* 

0.5 

1.1 

1.4 

1.2 

2.3 

1.4*' 6 

95% confidence interval 

(0.1-2.2) 

(0.3-3.3) 

(0.7-3.0) 

(0.4-3.6) 

(1.0-5.6) 

(0.8-2.3) 

Number of cases 

2 

4 

16 

4 

9 


Percent change in BMI from age 50 to basetine 

Relative risk* 1 ' 0.3 0.7 

1 

1.3 

1.4 d 


95% confidence interval 

(0.1-1.2) 

(0.3-1.7) 

— 

(0.6-2.6) 

(0.8-2.6) 



* Adjusted for age, smoking status, and physical activity. 
b Adjusted for percent change in BMI from age 50 to baseline. 
c Adjusted for BMi at age 50. 
d P trend = 0.01. 


were not materially different from those presented for 
regional or disseminated disease (data not shown). This 
suggests that these factors are associated more strongly 
with the most clinically relevant disease. 

Subclinical prostate cancer might influence weight, 
smoking habit, or physical activity, and thus reverse the 
temporal implications of the cohort study design. To 
assess this potential bias, we excluded cases diagnosed 
during the first two years of follow-up and then refit the 
main model in Table 6. Point estimates were essentially 
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unchanged (data not shown), which suggests subclinical 
disease was unlikely to influence strongly our results. 

Cigar smoking and change in BMI from age 50 to 
baseline also were evaluated in multivariate models. After 
adjustment for age, BMI, cigarette smoking, and physical 
activity, the RR for cigar smoking was attenuated (RR = 
1.4, Cl = 0.8-2.4). When percent change in BMI from age 
50 to baseline was included in a model with age, BMI (at 
baseline), cigarette smoking, and physical activity, the RRs 
were attenuated (e.g., RR =1.2 for a gain of greater than 
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10 percent compared with a change of less than five 
percent; Cl = 0.6-2.1) and the trend test was no longer 
statistically significant (/ > = 0.1). However, in a similar 
model which included BMI at age 50 (instead of BMI at 
baseline), the associations for both BMI at age 50 (RR = 
1.9 for the upper quartile; P trend = 0.09) and percent 
change in BMI from age 50 to baseline (e.g., RR = 1.4 for 
a gain of more than 10 percent compared with a change 
of less than five percent; P trend = 0.01; see bottom row 
of Table 6) became stronger. Further evaluation of the 
interaction between BMI at age 50 (split at the median 
value) and percent change in BMI from age 50 to baseline 
(Table 6) suggests that a decrease in BMI may be associated 
with a decreased risk of prostate cancer even after strati¬ 
fying by BMI at age 50, although low study power 
precludes any strong conclusions. In contrast, men with 
a BMI at age 50 of greater than 24.4 kg/m 2 and who had 
a greater than 10 percent gain in BMI were at the highest 
risk of prostate cancer (RR = 2.3, Cl = 1.0-5.6). In a par¬ 
allel set of analyses, there was no interaction between 
BMI at age 25 and percent change in BMI from age 25 to 
baseline and prostate cancer risk (data not shown). 

Discussion 

Smoking and alcohol use 

We found a dose-response association between number 
of cigarettes currently smoked and prostate cancer risk. 
The risk was greatest for current smokers, as former 
smokers had only a slightly elevated risk. Cigar smoking, 
but not pipe smoking, also was associated positively with 
risk, although the risk estimate was attenuated after con¬ 
trolling for cigarette smoking. Of at least 15 case-control 
studies' 7 ' 3 ’which have assessed this association, only two 
have reported a positive association 20-24 However, eight of 
these studies were hospital-based ,7-I,,2I,2< ' 2! ' 27JW1 and the 
two positive associations 20-24 were found in population- 
based studies, suggesting the possibility of bias from 
over-representation of smokers in hospital-based control 
groups. Results from prospective cohort studies have been 
only slightly more supportive of an association: three of 
seven mortality studies 32-38 and two of six incidence 
studies”''” have shown a positive association with smoking. 

It is not clear why the estimates found here are some¬ 
what higher than previously reported. No prior studies 
of smoking and prostate cancer have specifically focused 
on older men (the median age at diagnosis here was 78.8 
years with a range of 66 to 93). There is some limited 
evidence that there may be differential effects for 
hormonally related risk factors for prostate cancer 
between younger (< 70 years) and older men (70+ 
years)/ 5 ’’"’In addition, this is the first study to report that 
the association with smoking was much stronger with 


more advanced or aggressive disease. To our knowledge, 
only the hospital-based case-control study by Talamini 
et al 31 reported their results specifically for older (70+ 
years) men with advanced disease, and they found no 
association. Prior studies may have failed to detect an 
association because of a high percentage of localized or 
non-aggressive cases. This interpretation is in part sup¬ 
ported by results from cohort studies of fatal prostate 
cancer, which have been somewhat more consistent in 
finding a positive association with smoking. 

Cigarette smoking in men has been associated incon¬ 
sistently with elevated levels of endogenous testosterone 
or estrogen, 47-48 and more consistently to elevated levels 
of the adrenal androgen androstenedione. 47 ”’ In a nested 
case-control study with 14 years of follow-up, 50 baseline 
(pre-diagnostic) levels of androstenedione were greater 
in men who later developed prostate cancer compared 
with controls after adjusting for age, smoking, and BMI, 
and thus androstenedione might be a possible mechanism 
linking smoking and prostate cancer. However, the 
androstenendione association has been evaluated only 
prospectively in the one study and therefore needs to be 
confirmed. Alternatively, tobacco constituents could have 
a direct role in prostate carcinogenesis; for example, N- 
nitroso compounds have been reported to induce prostate 
cancers in animal models. 51 Smokers compared with non- 
smokers, however, have been reported to have lower 
vegetable consumption and higher intakes of total fat and 
meat, and these risk factors might confound any smoking 
association. 3 We did not have any data on diet to assess 
this possibility. 

We could find no association between alcohol con¬ 
sumption in general or with specific types of alcohol (beer, 
wine, liquor) and prostate cancer risk. Most previous 
studies 14 '” -25-34,44 also have reported either a weak or no 
association with prostate cancer risk. 

Body mass 

We found a suggestive positive association with BMI and 
risk of prostate cancer, which was stronger for advanced 
or aggressive disease compared with localized disease at 
diagnosis. We also found that the greater the increase in 
BMI between age 50 and baseline the greater the risk of 
prostate cancer; this risk was somewhat attenuated when 
included in a multivariate model which also included 
baseline BMI. However, when we modeled the interaction 
between BMI at age 50 and percent change in BMI from 
age 50 to baseline, there was a positive association with 
percent change in BMI which was stronger in men who 
were heavier at age 50. There - was no association with 
percent change in BMI from age 25 to baseline. Only 
three case-control studies have reported a positive 
association with overweight, 25-2,-S2 while most have 
reported a null association, !ws ' 23,45,53 ' 5! and there has been 
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little difference between results of hospital-based cf popu¬ 
lation-based studies. In contrast, cohort studies have been 
more suggestive: positive associations were observed in 
all mortality studies 59 ' 61 and two of five incidence 
studies. 39,49,4:M3A! BMI reflects both fat and lean tissue, and 
Severson and colleagues 62 reported in a prospective cohort 
study that area of muscle in the arm better predicted 
prostate cancer incidence than the area of fat in the arm, 
and higher muscle mass may reflect higher endogenous 
levels of androgens. 63 We did not have data on other 
anthropometric measurements beyond height and weight. 

To our knowledge, no prior studies have evaluated the 
role of weight gain (here measured as percent change in 
BMI) over the lifespan and risk of prostate cancer. Our 
results, if confirmed, suggest that more recent weight gain 
(since age 50), particularly in heavier men, may be of 
greater etiologic importance. In addition, the possibility 
of a protective effect of weight loss after age 50 is intrigu¬ 
ing since it suggests a potential intervention for the 
primary prevention of prostate cancer. The exact biologic 
underpinnings to these findings, if real, are not known, 
but a hormonal mechanism seems plausible, although 
other mechanisms (e.gv, insulin or other growth factors) 
need to be considered. 

Physical activity 

We found a positive association between increasing level 
of physical activity and prostate cancer risk. This asso¬ 
ciation was independent of smoking and BMI and also 
was associated more strongly with non-localized or 
aggressive disease at diagnosis. Three hospital-based case- 
control studies have reported an inverse (protective) 
association 25 ' 64,65 while of three population-based case- 
control studies, two showed a positive association 16,57 and 
one showed a null association. 55 Cohort studies have also 
been inconsistent: three studies found a positive associa¬ 
tion 39,66,67 and four studies found an inverse 
association. 4 '’ 6! ' ;Q Part of the inconsistency may be due to 
when physical activity was assessed. Of the four studies 
which assessed physical activity during early adulthood 
(mainly college athletics), three 39,6667 reported a positive 
association and one a null association. 58 Of studies which 
have assessed occupational physical activity during adult¬ 
hood, one showed a positive association, 57 three showed 
an inverse association 6465 ’ 61 ' and three showed a null asso¬ 
ciation. 416869 However, after adjustment for confounding, 
one of the studies showing an inverse association became 
null; 65 the other two studies reporting an inverse asso¬ 
ciation did not adjust for any factors beyond age. Finally, 
of the studies assessing leisure time or recreational activity 
during adulthood, four have reported an inverse associa¬ 
tion 25 ' 4169,70 and one a null association. 58 However, few 
studies have focused specifically on physical activity 
during retirement (here both leisure time and home main- 
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tenance activity) or in the context of physical function. 

It is not clear why we found a positive association. Our 
physical activity measure was relatively crude and we did 
not have data on its validity or reliability. While we did 
not have data on activity level on the job, the vast majority 
of men had already retired (77 percent), and only seven 
percent were employed full-time. Not taking into account 
physical activity" from a job will have misclassified some 
men. However, there were no differences in level of physi¬ 
cal activity by employment status, and exclusion of 
working men did not alter the positive association with 
physical activity. In addition, higher levels of physical 
activity using this measure are related inversely to all¬ 
cause mortality over three and six years of follow-up in 
this cohort 11 and the measure also is associated inversely 
with breast cancer incidence in women from this cohort. 71 
It could be that inactive, chronically ill older men might 
either be under less surveillance for prostate cancer 
because of other clinical priorities or may be on diets 
which might reduce the risk of prostate cancer (e.g., 
restricted intake of meat and fat). 

Acute, strenuous exercise appears to increase andro- 
stenedione levels 72 ’ 73 but has not shown a consistent effect 
on testosterone levels. 72 ' 75 Basal hormonal levels may be 
of more relevance, and trained athletes (e.g., distance 
runners) have been found to have lower basal levels of 
circulating testosterone 76 " 78 and higher levels of andro- 
stenedione 78 compared with sedentary controls. The 
former suggests thatphysical activity should be protective 
for prostate cancerwhile the latter suggests the possibility 
of an increase in risk. However, no effects on testosterone, 
sex hormone binding globulin, or dehydroepiandro- 
sterone were found after 14 weeks of training in 
middle-aged men who were originally sedentary even 
though there was a significant improvement in insulin 
sensitivity, plasma HDL, triglycerides, and adiposity. 79 We 
are not aware of comparable data for androsrenedione. 
The relevance pf these data to elderly persons with only 
very moderate levels of physical activity is not known. 

Conclusions 

In summary, we found a positive association between 
cigarette smoking and prostate cancer risk, which was 
independent of BMI and physical activity and was asso¬ 
ciated more strongly with aggressive or advanced disease. 
BMI was suggested to be associated positively with risk, 
also more strongly for aggressive disease. Percent change 
in BMI from age 50 was associated positively with risk, 
and the association was most pronounced in heavier men. 
These findings support a hormonal etiology for prostate 
cancer. Physical activity’ (from leisure and home mainte¬ 
nance activities) was associated positively with risk, which 
confirms some prior reports, although most studies, 
excluding studies of activity level in early adulthood, have 
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found a protective or null association. Nevertheless, this 
finding remains without a credible biologic mechanism. 
Further studies on these factors, particularly in the context 
of diet, should better clarify the these associations. 
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